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ABSTRACT 



5 ELECTRONIC LOCKING DEVICE 

An eiactronic ^ey comprising, mounted in a key body^ 
a Kay shank fgr ijise^tlan into a corresvonAtng bousing of 
a locJ^ cylinder for the purpoaa of unlocking it, the 

if> cylinder having a statgr portion and a rotor portion 

secured to a tongue, and including first cnech^rtical itieans 
And first electronic means, and the key including second 
mechanical means and second electronic meane for co- 
operating with tha c5or responding first means of the 

15 cylinder when the key is fully inserted in the cylinder 
and for causing the lock to be ucilocksd when an identity 
ODda of the key and a corresponding code of the lock 
laarch. The electronic msans of the key (16. 18, 20) are 
powered frotn s«lf -containQd poiTer generator meana (14) 

20 actuated merely by displacing the key ehank in the body 
of the key. 
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EliECTRONIC LOCKING DEVICE 

FIELD OF THE INVENTION 

The present invention relstres to the field of 
QlECtrorttechanical or ^jlectronic lcey& and locks £or 
preventing access to a given place or for preventing a 
<aeterininad apparatus from being put into operation, for 
example a rack or cAblnet of electronics. 



ic» PRIOR AHT 

Over thd lib St f€sw yaars, l^cka ha>/© b^n dav«slopod 
that aaeociata mechanical sncoding^ e.g. Implswonted in 
the form of notches, v;lth electronic encoding rransnltted 
between the key and the LOCk. Patent dppliCfitiOrt 
13 BP O 277 432 shows an enatnpla of sucU an Glectro- 
inechanical lock in which the key comprises not only 
niectianicai encoding for unlocking tha lock, but also an 
sleotronlG circuit which acrs, on inserrion of ths key, 
to transmit a preprogrsnnned identity code to the lock. 
20 The k^y ia powered from th© lock x^hich ia itself powered 
from an external source. Similarly, application FR 2 561 
292 discloses an electronic key capable of being used 
wit^i an elfectroniechanicai lock and having both not^hea 
for mechanical encoding and an electronic microprocessor 
25 circuit powered by electricity tak^n from a rechargeable 
battery placed directly in the ksy. 

N«*v**rtheleus, both tht^ above locks auffer from a 
major defect that results from the fact that the typa of 
cylinLler used i^ particulArly complex to make and is thus 
y> very Qxponsivo. in that rypQ of lock, it is tha 

difficulty of copying the mechanical profile of the 
cylinder which guarantees Toaximum security and not the 
additional electronic encoding, as a result, if the key 
is lo5t, then it i^ necessary to replace the cylinder 
^5 whether or not it Is associated with an electronic 
circuit. 
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Also, in app.l i cat ion BP 0 3BB 997, ih3 PrcpridLor 
proposee a lock whic^ij la an Qntirely electronic locK ancS 
w)iich unlock-od solely by a match becv/een the identity 
codes of the key and ot the lock, 
5 That type of electroaically- locked lock neve rtht less 

also suffers from certain drawbacks, in particular v;ith 
respect to its pow^ supply which is generally obtained 
from «n external eouxce or from a rec^iargeable battfery. 
Unfortunately, puch an «xt^miil aourrcre i3 not always 
10 available, ^nd using a batter-/ placed inside the lock, in 
the key, or in boch of them simu i taneously. suffers from 
Berioiis dif f icultiea of rfecharging and of reliability in 
operation. 

IS OBJECT AND DEFINITION OF TH^? TMVRI^TTON 

Ao of the pxifia-ent invention id to mitigatt the 
above -specified dra\tfbacks by proposing an electronic lock 
and key assembly chat is entirely self-contained, 
reqiiiving no independent power a.upply, whether external 

20 or in tho form of one or Ti\ore batteries that can be 

recharged by means cf an external device. Another object 
of the invention i« to pj:'Ovide a lock cylinder and a key 
each of which is relatively simple to make and low in 
cost, and v;hich guarantee that the system is completely 

25 Becure, 

These objects are achieved by an electronic key 
comprising, mounted in a key body, a key shank for 
insert ion into a torreaponding houwin^ q£ a lock cylind<?r 
for the purpose of unlocking it, the cylinder having a 

30 etator portion and a rotor portion secured to a tongue, 

and including first rRechaiiical nie^na and fii'&t electronic 
means, and the key including second meci^anical means and 
second electronic means for co-operating with the 
corresponding first means of i:he cylinder when the key is 

35 fully inserted in the cylinder and tor causing the lock 
to be unlocked when an identity code of zwe koy and a 
correaporiding code of the lock match, the key being 
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characte.x-izKd that Che electronic means of the key are 
powei'ftd from selE-containedl power generator means 
actuated merely by displacing the key ehank in tihe body 
of the key . 

5 By cneanFs thia particular structure , the 

elec:tronic nieans of the key for interchanging and 
verifying identity ^codes and pceeibly hIbo for 
controlling unlock-.ing of Lhe lock can be powered by a 
siii^lts module actuated solely by moving the Bhank of the 
10 key and independently of any extei-aal powex- gup^ly 
device . 

In a pv^i-'erred err\bodiment , tho- said power generator 
means is connGcted via a power link to a rectifier and 
storage tiieajis which generates a DC power Bupply vol tags 

15 from AC eignale d^^liv^red by Llie power generator means , 
aaid rciCtifiGr and storage n>eans itself heing connected 
to processor rrpeans v;hich, via a communications link, 
connecting it to the powtix generator meana ^ serves to 
interchange the data required for unlocKing the cylinder. 

20 Advantageously, the power link and the 

communicationjp link conatihute a dingle link at the power 
generator Tn^ianiif and the second electronic rieans then 
inolude mult iplexer/deiiiultiplexer means tor connecting 
the power generator me ana t)ath to the rectifier and 

2S aLorag<i tneans and to the processor means. 

Preferably, the second electronic cneana further 
include coinmunicationi? dntarfane meane diepoeed between 
the prCKieasor itieana and the power genetiitor tn^ania for 
matching and filtering the signals delivered at the 

30 okitput of the procespor me^ne . 

In a first preferred variant, the rectifier and 
storage means also connected to the power generator 
[Clean e eo as also to power the cylinder of the lock when 
the. key is inserted in the lock. In this way, the 

35 cylinder can operate in self-contained manner without 

relying on any internal power euppiy (battery or mains, 
for example) . 
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Tn a fiL'St <5xample, the power generator meanH 
include at least one piezoelectric wl^-rhent deaign^d to 
geneirate electric charge from suco^gsive bending 
irovements generated by the displacement of the ehank of 
5 the key- Advantageously, the piezoelectric e3 E^merit in 
constitLited by a single pi.er.nel ectric plate ismb«ddcd at 
on€ of its two ende^iri tho body of the key and vhich can 
either have b H«ri*aLed profile designed to co-operate 
with at leaat one corxact tip of a piezoelectric el^iinvcnt 
10 of the cylinder while the k^y being inserted into the 
cylinder, or else the tind of said piezoelectric place 
that l«ft free has a contact tip and is deaigned to 
CO operate with a serrated profiU "f the key shank 
during extract ^ on/ rt; tract ion of the shank out from or 
IS into the body of tho key. 

The key shank may aieo have an additional piezo- 
electric element conn^fcted to the processor means and 
designed to inteichancfG data between the key and the 
cyliJ^der of the lock after the key ahank had been 
20 inserted in the cyli-ndetr. 

The key »haiik may further include at least one 
conLaot area connected to the processor means ^rid 
designed Co interchange data beLw^i^n the key and the 
cylinder of the lock after the Key shank has been 
2=; inserted in the cylinder. Advantageously, the conta<!t 

area is also connected to the autput of the rectifier anc 
storage meaoia Lo enable the cylinder to be powered from 
the lock after the key shank has been inserted in the 
cylinder. 

3 0 In a particular embodiment of the key, said Key 

shank may be of cruciform shape, 

Tn a second preferred variant, the power generator 
tr.eai^a comprise firstly a magnetized shank constituting a 
magnetic core, and secondly plurality of coils 

35 connected in a ring, and separated by walls of material 
having high iragnetic permeability, and contained in a 
body whrch is itself made of a material having high 
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magnetic perineabi 1 Lty and forming a s^^each for said 
magnetised ahank, ciii tijection sysreuu e.g. uaing a spring 
being provided CO extract /re tract said s?hank Crorr. and 
into its sheatih. 
^ Advantageously, the aiagnctizGd ^hdjnk has a plurality 

of bipolai- annular tciaqnetG Chat are regularly separatB*^ 
by walla of inateri.^ having high magriet^c: percneiibil i iiy ^ 
Che distances between ^5aid walla being dcitentiined in such 
a manne-r ae to rrnr re impend exactly firstly with the-. 

10 cliff er^iiictss i>fetween the cor responding walle th^ 

sheath- forming body of the Icey, ^nd y^condly wiLh the 
walls of Baid tub« of thti cylinder. 

The bipolar annular magnets have polarities that are 
determined in such a manner that twn adjacent magnet a 

lb repel each other, v/itVi the north/ south axes of the 

magnets b«ing parallel to the longitudinal ay:ia of the 
shank . 

The magnetized ehank further ij)cludes a wall of 
TTiaterial hiiving high naac^netic permeability, such as soft 

3 0 ir'onf and for the purpose, on isaid wall coming into 

contact i^ith an ejcternal nia^netic separation wall of the 
sheath- iaarmixi<5 body of the key, of closing the magnetic 
circuit v;hen the key ie t^u] ly -inperhRd into th« c:ylinder. 
Prefeirably, there are four of said coils, \oith the 

2 5 winding directions of two adjacent coils of said four 
coilc being oppoeice to the winding <idr^c:tion of the 
other tw coiip. Th« four coils ha\*e two distinct 
ele<jtrical contact terminals via v/hich there are 
respectively provided thf; power 1 ink fpi- powering the 

30 HRcnnd eltscLroiiic tneana of the key, and the 

conrmunications link for interchanging data with the 
cylinder of the lock. 

The invention also provides a lock designed to 
recei"'/"e the abcrre-deRcrihed Filpicr.i-onic key and in which 

35 the cylinder has at least one power generator means chat 
is actuated during or gt the end of inaertjon of the key 
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so as tQ powei: ths fii^st electronic rtvsans of che 
cyl iiider . 

in a first advantageous vavisnt, the powt^r c^enQrator 
means aleo servf* to provide couplii^g batween the Icey and 
s the cylinder of cne lock, t.o enable data, in particular 
identity codes, to De interchanged between the* cy 11 iidtsi' 
and the key after e^it* ahauk of the koy has been inserted 
in the cylinder. 

In a Esecond advantageous variant, the po'-^ei: 

20 generator meane aleo rn^k^g? it poaaible tio cause an 

elemant for blocking the tongue to b^e displaced 20 as to 
unlock the lock. . 

The pQv;ev genpi-atoi rr>eaaa ±b connect fid via a power 
link to rt^cLifier and storage means vhich generate a DC 

IS power supply voltage from alternating signals delivered 
by the pov/er generator means, said rectifier and storage 
means itself being cormectad to procfeflsor tneat^9 which r 
\'-ia connmuni cat ions link connecting it to the power 
generator means, serves to interchange data required for 

20 \inlockinq the c/lxxxdfer of the lock, i^aid processor means 
also serving to drive control nieans vhich deliver a 
control pulse to the pov/ei* gent^Tatov meanB via the? 
cQcnmunicahiond link, aaid pulae b^ing of determined 
duration that is sufficient to release the element for 

25 blocking the tonguSr thereby unlocking the lock. 

Preferably, tVie fia-at eletrtronic rii«an« of the 
cylinder further include switching means enabling the 
power generator meanf^ to bF connected via its 
cromruunicationa link both to. the proceasor meana and to 

iO the control means. 

In a first preferred vara ant » the power generator 
tneana of the cylinder comprise at leaat one piezoelectric 
element having electrical contact terminals with 
uuccesjaive b'^ndiiicj trovtecnEaiita Lhereol dua:ing iriatirtiDri 

35 the key generating electric charge at the contact 
terminal s thereof , 
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The piRznel«ctrj.(:: clciment may be constituted by a 
aingic piezoelectric place emJoedcieot at one ot ite twn 
ends in the rotor portion of th« cylindar or by a biiiu^rph 
whorae central pjorLion is ^^rnbedded in the rotor portion of 
5 the cylinder. Each free end of the piezoelectric element 
has at lea£3t one contact tip designed to co-opax-atti with 
the shank of the ke^ and at leant one blocking cletnent 
designed, in a x^st position, to prevent any rotation of 
Lhe tongue relative to the stator portion of the 

10 cylinder, 

III a giicond preferred variant, the power generator 
means of the cylinder i? n^ounted around the housing, at 
the inlet to the cylinder, ^ind comprieea a tube of high 
magnetic pei-meabili by material, such as soft iron^ 
containing a plurality of coils connected in a ring and 
separated by regularly spaced waile of material having 
high magnetic permeability, said coils being designed to 
co-operate firstly v;ith a inaguetized shank forming a 
magnetic core and carried by the key. and eecondly with a 
key-expelling piston auitabl^ for iiliding in the housing 
and provided vfiLh said elements for blocKing the tongue. 

Preferably, there are four ot said coils. v;ith the 
winding direction of two adjacent coila in said £oux 
t:oila being opposite to the winding direction of the 
25 other tv/o coile, and the four coils have two distinct 

electrical cont^cL Lerminala via v/hich there ar«* provided 
reapectively a power linic for powering the first 
electronic means, and a communications link for 
interchanging data ^^nd fo^- actuating the blocking 
10 ^lenient. 

In an advantageous example, the tongue cocnprieep 
firstly a cylindrical body -ind secondly a fin extending 
radially from said body, the body having an opening tor 
reMivinci two hollov/ annular piocos laade of a rnatarial of 
35 high magnetic permeability and placed one against the 
other while leaving between them an empty diak-shaped 
space, the inside dimenBionB of said pieces corresponding 



20 
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to the outside dimensions of the houeing, and »ach inf^irte 
v^all of the annular pi^i^^e in contacc wich aaid crapty 
£3pace includes a blc^cikiny slot desit2ned co receive said 
blocking elem«^nL . The fin includes centering n^eans, e,g, 
5 Corri^fed by a ball -and- spring afsaeinbiy, designed to co- 
operate Tvitti corresponding Tneaiia of the tJtaLor portion of 
th*? r:yliridBi-j e.^,. ^with cavities for receiving the baile. 

iTie key -expel i ing piBton has a central core of 
n\aterial having high Tnagnetic pHirineH.bi li ty , and at 6ach 

10 ot the tv.'Q endy of whicli there is mount ed^ about a 
reepHctive axis, said blockij-ig element formed by a 
slightly magnetized rotary blade, said blocking b] ade 
being pivotable to come into one of aaid locking slota" of 
th^ tongue; when Lhc pov^cr generator means is actuated. 

15 The central core is covered in a non-Tuagnetic material 
and terminated at both enda by reepective mechanical 
interface elemRiita deaigned Lo co-operato; with tne 
mechiinical interface means of the key to transmit the 
rotary couple . 

21) The present invention alap r*»latfia to a locking 

ayatern provided with an electronic key and an associated 
lock. 

BRIEF DESCRIPTION Of TKB DRAWINGS 
25 Other characteristics and advantages of the present 

invention appear more cl early firocn the t;ol lowing 
deacfiption given by way of non • liitii L ing indicaLion, iind 
with reference to the accompanying drawings, in which: 

• Pigure 1 a diagrammatic v.iev of an electronic 
3D key uaed in an fclactronic locking system of the 

invention; 

• Figure 2 ia a diagramrrtatic view of a dual cylinder 
of a lock used in the electronic locking system of th(2 

invention • 

y*i> ♦ Figure 3 sho\vs a variant embodiment of the 

oltectronic: tneana of Figures 1 and 2; 
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• Pigures A and S ahc-w t\'io examples ot the recti iHar 
and storage, meane oi the mean:3 ot Figures 1 ^^nd 2; 

• Plgiii-RQ bs. to Se and '7a fco "c ^how the various 
signals available in the electronic meana respectively o± 

S the cylinder and of th^ key shown in Figures 1 and 2; 

• F^gu-re B is a functional diagratn of a. first 
exarijplG of power ge^ergtpir meang for the locking eyetecn; 

• Figure 9 ishows a first eitibodiaient of an elect^-onic: 
key having a p^^j so^lt:Otric module whoae eh?in)c la in a 

10 retracteiJ first position; 

• Figure 10 shows a Becoiid t^nibodiment of an 
electronic key havinu a piezoelectric module whoafci ahank 
in a second position; 

• Figure 11 is a cross - eect.ion through an eti\iDOdin>e.nt 
iS of Che shanK of the electronic key; 

• Figure 12 ^^howa an embodiment of a lock cylindtiL^ 
suihablfe for co-operating with the elen-tironic key of 
Figure 10 r 

• Figure 13 is a functional diagram of a second 

20 e-xianvplfi of power generator means t'ov the locking system 
of the invent ion ; 

• Figu-re 14 ia a diagrammatic longitudinal -aflction 
through a first embodiment of the rrylindar of Figure 2; 

• Figure 15 is a croHa- aecc ion viev; on plane XV-XV 
25 of Figui-e L4; 

• Figure 16 is a diagraTnmatic longitudinal section 
of a second embodiment of the cylinder of ^'igure 2; 

• Figure 17 id a cross -sect ion viev; on plane XVI T- 
XVTI of Figure 1^; 

3 0 • Figure la is a diagramrn^it ic longitudinal section 

view of another €:mbodimenC of the cylinder of Figurs 2; 

• Figures 19a and 19b fshow an embodimtiaL of the 
tonque of the cylinder of Figure 16; 

• Figures 2 0a and 20b show an ^smbi^dim^nt of Lhr* key- 
35 expelling piaton of t3:ie cylinder of Figure 19; 
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^ Figures ila and 21b rel^ite to Lhe ^mbodlrntsnt of 
Ficiurcs I^^ and show the inh«racuion between the key and 
Lhc cylinder £or t^'^ auccesaive positions of cfje key; 

• Figure 22 ia a diagram shoving key-cylii.nder 

S interacLiQi^ after the Key has been £ully inaerted; ciVid 

• Figure 2 3 ie a diiigran^ ahowinq key-cylincter 
interaction •^hen t)^ tongue is released. 

DETAlIjeD DESCRIPTICI-? OP PREFKRRSD EMBODIMEWTS OF THE 

10 INVEI>7TI0K 

The pi*eafent invention relates to an elec^i-onic k&y, 
to an electronic lock., and to the <:oitti>l nation of the )c&y 
and the locKr referred to in the present application ae 
an elfiotronid loo)cing syctem. In conventional manntir, 
IS Lhc: lock has a cylinder provirffid with a housing for 
receiving the key and with mechanical and electronic 
elements lor unlocking the lock when the key ia inefeixteid 
into the housing, and when an identity code of the key 
matchec a corresponding identity code of the lock. 
20 Refei-Hut^i i'^ made initially to Figure 1 which ip 6. 

hi<^hly diagrammatic representation of the key ID 
conventionally cocnpriaing a shank:- forming firsc end of 
phape and dirti6n9ions that fit the housing in the cylinder 
of d lock whose bolt (not shown) is to be actuated, and a 
2b second end constituting the body of the Key and forming a 
head which, on being rotated, serves to actuate a tongue 
of the cylinder and thus to drive the bolt of the lock 
{via conventional mechanical lock rneana, not shown) . 

The kfey has a second mechanical interface means 12 
30 for transmitting the rotary co^Jpl« from the key to Lha 
lock and making it possible, once the key has been 
coupled with Che lock, tor the bolt to be actuated when 
conditions for enabling the lock to b& opened are 
complied with (matching identity codes of the key and of: 
3S the lockr reepectively) . it alao includes first pow<*r 
gan^raLor means 14 for operating, in a communications 
link and in a pov/er link both CO convey data between t.he 
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key and th^ lock and to pov.-er the key and pcssibly also 
the cylinder of the lock- FiraL recti fit cat iou and energy 
storage means 16 connejeted to the power generator meanj? 
(via the power link) are also provided to r^aeiv*^ and 
S accomulace energy trom said pow^r generator means, e.g. 
when the key is insert-.yd in the Jock, The rectification 
and energy gtQx'ag*^ ^cans is connected to £ii-&t processor 
Tjie^riB IB, advantageously having a mi crc^processaor and a 
m^inory^ which it serves tr" power, ac^d wiiich in cum 

10 ttianages (in pavticvlai:* by compauing the identity codes of 
thpi kyy and of the lock) and control f3 transfer of data 
corresponding to the identity cudt^ri, The> interchange of 
this encoded data ia optionally perfomied via first 
communications interface means 20 (which if necessary 

15 ffiaLchos and filters the eignale from th^ proceasor means} 
connected fir&tiy to the processor means la and secondly 
to the power gen^r^stor means 14 (via the communi cat Lone 
link) Lhrouqh which the interchange takes plac« . 'rfhen 
the cylinder has no pernor aupply means, an additional 

20 output link from the rectifier and storage tneans 6 

serves to deliver energy stored fxcsm th^ power g<i;ncrator 
means 14 to poi^er th« cylinder. 

Figure 2 xa a highly diagranvnatic longitudinal 
aection through a first embodiment o*: n cylinder 20 of 

IS symmetrical European proEilt^ having two inlets (two 

cylind«rBj of outaidc shape and size analogous to those 
of conventional mechanical dua] cylinder lock^, thH.ieby 
greatly facilitating rtsplacemenL , and provided with self- 
conLiiinod power generator means specifically adapted to 

SO co-operate v;ith a key of the above -specified type, itstilf 
prc7\''ided with its owi^ po^-^r gen^^rator rfteans. This dual 
cylinder look conventionally has an upstream portion 32, 
a downstream portion ?.4, and an intermediate rotary 
portion or tongue 'J 6 v/hich can be rotated by the key by 

,%5 means of the mechanical second interface moans 12 when 

the Key is inserted into either of the two housings 36 of 
the two cylind^riS, arid providing the identity codes 
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match. TKe cylinder has ityi^vin^ shutter means 4 0 
c:onaLit:uLxno5 a key- expelling piston for pr^vsnt. ing any 
Gixtemal action being taken on the tongue 36 and for co- 
operating \vith the mechaiiacal second interface ineans 12 
5 to rotate the toiiQue. It aJlso has second and third power 
generator means 42. 44 that are identical and that ^re 
associated respecti'^el y with thta upeuream portion 32 and 
with the downsLXfcajn portion of the dual cylin<ler locic 
and which serve not only to EjuppJy powtir to the lock (via 

10 a power link) but alHO firstly to perform a 

communications function between the key and the lock (via 
^ communications link) , and Becondly a function of 
unloc^sing the lock itr/ i-elftAeing ita tongue) via the 
co[mi\ini cat i one link. Like for the key, each of the two 

15 power qnncrrator means is connected via the povrer link to 
a respective second (or a third) rectifier and energy 
storage? meana 4€ (or <iQ] for rectifying and accumulating 
energy generated by the means 42. 14 when a key ia 
inserted in the lock. The second and third rectifier and 

20 energy storage medria are connectcyd to power respective 
second and third processor means 50 and 52 r each 
advantageously conetituted by a microproceasor and 
memory, and each of which manages and controls the 
transfer of data correeponcting to the identity code^ of 

2 5 the key and of the lock. Thia trangfer of encod^ed daL^i 
(between the key and the lock) is optionally performed 
(when it is necessary tor the processor meane to perform 
signal matching and filtei-ing) via raepective aeoond and 
third cotnmuni cat ions interface ineans 54 and 56 connected 

JO firstly to the second or third power generator means (via 
ita communicatioiifi link} and fl^icondly to the second or 
third processor means. Finally r first and second control 
means 5$ and 60 (e,g, of the traneiBtor switch t>pe) are 
provided for controlling release of the lock under 

35 instructions respectively from the aecond and thii-d 
processor means 50 and S2r by causing the energy 
accuTnulated in the second pi- third rectifier and energy 
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Storage means 46 or 46 to be discharged as a pul^e ovar 
th« OTUiucacions UnK of th« third or ..eeond power 
generator means 4^ or 42. Prt^f^rably, u'hen the cylinder 
is of thR dual <:ylinder structure as shovn. the energy 
^ acL-tjmulatcd in the rectitier and etorage means «f a 
determined portion o£ the cylinder (e.g. the upstreaTt, 
portion) is discha^ed into the power generator n^ans of 
.he other portion ot th« cylinder (in this caae the 
do^.nstream portion), and vice ver.a. Since the energy is 
10 diacharged via Lhfe commnications linJc, it is preferabje 
ho provide switching means 62. 54 (a.g. a discx-iminating 
filter) concrolied by the pracenaor meana 50, 52 for 
directing Lha cortwiunications output from the power 
generator means either to the communi cations interfaca 
lb means 54, 56 or elsf to the control means 5B, 60. 

When the conmunications linfc and the power link 
comprise a single link in the key as in the lock, i.e. 
■A'hen daca is tranemitted o^'Pr the powex- aupply line, it 
necessarv also to provide multiplcxer/dermiltiplexer 
n>^ana 65 iFigure 2) to direct said single link either to 
the rectifier and energy storage meanp 16; 4S, 4fl or «lae 
to the comcnuriicaLionfl interface means 20; ba. 56, and 
vice vetsa {possibly via the ev/itch means 62, €4) . 
Naturally, when the lock Lb pov,^r«d Cro,., the key, the 
25 muU.iplexP.x-/demaltiplexer meana 66 is also connected to 
Lho output of the rectifier and storage means to raalce 
such return power supply posaible. 

It can be obacrvod that although second and third 
processor means are described, there ie clearly nothing 
30 to prevent dicing u^e o£ ^iingle processor «ieana only <flee 
for example the circuit 61 in Figure 12) which can indeed 
to- preferable for reaeoue ot mini mining bulk. ^i^iUrly, 
althouoh the present invention is illustrated esaencially 
bv uieans of a dual cylinder structure, it is entirely 
35 poaaible to envisage itnplementing the invention with a 
single cylinder t:.rpe structure having a knob of 
intfernational profile, for exair^^le. or any other 
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anaiogoue ra^chauacal -itructure. Similarly. ^nay al'^o 
be obaervcd thac cne cliep^psitipn within the cylinder body 
of the various 6i€cti:onic means specified above is not 
exclui?ive and it entirely poeeible, and ev^n 
5 pi-Rf arable, to envisage grouping all of the electronic 
lacanG together in the tonquo {as shown for example in 
Figures 12 and 14)^ The same appiiee fco th« diapoaiLion 
of the power generator mean© v-hich rnay he different (see 
in particular Figures 16 and 17 for a disposicion which 
10 instead of b^ino; upst ream/ downs treain ie on one side and 
on the oLhGjr of the longitudinal rxih of the cylinder) . 

Figures 4 and 5 show two embodiments of the 
rectifier and energy storage means 16 r 4€ , 48 a^gociated 
with fi^ich power generator means of the key or of the 
15 cylinder 14? 42, 44. Tn Figure 4, it can be seen tliat 

the means 16; 46, 48 can lie consDicuced merely by a diodf! 
bridge 200 followed by a filter and energy storage 
Qloinent such as a capacitor 202, On an input 210, the 
bridge receives an AC voltage from the power generator 
2 0 means 14; 42, 44, and on an output 212 it generates a DC 
output voltage intended Ciratly, for example, for 
releasing the tongue (in the case of the power generator 
nieana 42, 44 of the cylinder) or for powering the 
cylinder from the key {in the esse of the corresponding 
2S ^neans 14 of the* key) and, secondly, via a voltage divider 
2D4, for powering the processor means 38; 50 r ^2, 
Another possible golution for implementing the rectifier 
and Btorage ffiaans is to make use of a diode voltage 
multiplier 220 (Figure 5), The voltage cnultipHer 
30 conventionally compriaeH a plurality of rectifier and 

voltacje raising stages, e.g. six stages 22 2 to 232, each 
constituted by a diode and ci capacitor. With thia 
BtruL'ture, the proc^issor means l^; 50. 52 is powered 
directly from the output 234 o£ one o£ the stages o£ the 
35 multiplier, e.g. the second stage 2 24, v/hich has a 

voltage that corresponds to the deaired power supply 
voltage for the processor rr.eans, with the other. 
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intermediate outpxita of the muiciplier serving to deliver 
various DC v.-plti^ges, e.g. an the Way, for pov^ering the 
cyiindm- (by analogy viith Figure 1} . 

Figures 6 andl 7 ave hiaLoqrams showing the 
electrical signal© av-ailable at the outputs of the 
various electronic means described above for the 
particular case of ^the power for the key and for the lock 
being generated by the k:ey being inserted into the 
cylinder of the lock. Figure 6a ahowa the output current 
froTti the power generator meana ^2, 44 of the lock, afttr 
the key 10 has fc-een inserted into the cylinder 30. 
Figure 6b ^ihowa the current output bn/ Lhe rectifier and 
storage means 46, 46 (the dashed line curve ehowing the 
cl\arge voltage) . Figure 6c shows the interch^ngfe of 
li> code0 between the lock and the key at the output from the 
CQTnrnuriications incerface Ttieana 56. Figure (5d shows 

the controi signal generated at the output of thn 
processor meana SO, 52 for enabling the hangae to be 
r«l«aaed by discharging the energy which was accumulated 
2 0 in the storage means 4S, 4 8 oj^ insertion of the key into 
the couplincj maAas 42 r 4 4 (see in Figure 6e the output 
signal from the control ^neane 5fl. 60) . similarly. Figure 
7a shows the current output by the power generator rT>ean« 
14 of the key. Figure 7b shows the current output by the 
2S r«ctifiGr and storage means le (the dashed line curve 
showing che chaa^e voltage), and Figure 7c shows codea 
being interchanged between the lock and the key at the 
output from the communicat ione intferfaci? means 20. 

On exac^iining theae histograms, it can be Been that 
30 the opftrationa performed b^' the various electronic means 
ta.y.a place in three succeB«ive dtagea. Firstly AC x3 
generated in parallel iii the lock and in the key. ^hich 
AC ia rectified to deliver power aiipply voltagea to the 
respective p-rocRssor: means of the lock and of the key 
(Cirat stage), which means are thp.n ^ictivated. They can 
then proceed to interchange identity codes and compare 
them [second stage), After this interchange, and 
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assuming cnat the codes match, the lock can be opi^ni^d by 
ciisicharging the energy accuTnnlatedi in the storage means 
so as to release the tongue, and thus che cylinder, as 
explained in grtfcit^r detail below. 
5 IL Will be observed that wheT> the l^ck is powGrod 

from Che key, the structure of thfe electronic means of 
the cylinder cr^n bei^uimplif ied by omitcing the rectifier 
TneanB 46 ^ 48 f with the output voltage from the power 
cjenerator means ot the lock h^ijjc^ d^illvert^d directly in 

10 the form of a DC voltage (but it is also possible to add 
a DC/ AC converter in the Key without .altering the 
structure of the cylinder) , 

Figure 6 Rhowg in hi9hly diagrammatic and functional 
n^anner a fir^t embodiiuQnt of the power generator means of 

\5 the lock and of the key in the forcn of piesoelectric 
eleraents. 

The powe?r ^t^nerator means of Che lock 42 or 44 is 
constituted essentially by a piezoelectric element evch 
as a piezoelectric palate ^>^i provided with electrical 

2 0 contacts 6 3a to provide; the communications and po"wer 

linV.a, the plate t)eing ea^edded at one of its two ends in 
the body of the. cylinder 30, and having at its free, 
other end a <:ontaot tip 6Bb that is subjected to pivoting 
and that is designed to co-operate v/ith a particular 

2S serrated profile 70b on thR kesy. 

The power generator means 14 of the key likev/ise 
cotnpriae a piezoelectric plate 70 provided with 
electrical contacte lOSr embedded at one of its ends in 
th^ body q£ the key 10, and supporting tha serrated 

30 profile 70br with its other end being free to move back 
and forth under pressure from the; contact tip 68a. 

Piezoelectric plates are components known to che 
person skilled in the art and therefore do not need 
describing in detail. it is merely observed that tlie 

^5 piate© which are niMltilay^r compoHite structures gf 
piezoactive ceramic provide bending movement of 
0\]f 1; i c i ent amplitude to maWe self-contained power 
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gt^A^rasiion possible (i.e. without 5Py nned for an 
additional power supply awrc:tf auch ois a rccl'iarqcable 
bactervr even though us^ing such an external source is 
natxiral.ly not to be excluded, particularly when the k^y 
S haa scphiatlcated programming functions), and naturally 
capable of powering the processor means of the lock: and 
^1f?o of the k«y (wi^ich means require iitcle energy), but 
also and above, all capable oE powerirx^ the connral means 
chat enable the iock to released. A plate of small 

10 d:iTn«^n*^iona (4 0 x 10 uvn x 1 mm) can bend through an 

iimplitude of iO.S mui under the effect of stvBBH and thus 
alloiv a non-negligible quantity at ^n^rgy to be 
ac cumulated. Under auch circumstances, it v;ill readily 
be understood that subjecting the plat*? to a plurality of 

IS deformacionB {^n practice Lh^ nun^^r of d<-f ormations can 
lie in the range ID to 40) itiakes it possible to obtain 
sufficient eneI^gy to power all of the components of the 
Key and to release the lock without Lh^r^ being any need 
for an additional power supply. The piezoelectric energy 

20 condLxLuued by the alternating and cyclic flow of charge 

that results from euch ^urcRRRivs dpformationa ^nd that 

ig available at the electrical contact terminala of the 
key and of the lock 68a. 70a, r3 then transferred and 
accutnuiated in thR respective rectifier and storage means 

25 16; 46, 48 to enable the system of the invention to be 
powered. Conversely, given the rever.-sibility of such a 
piezoelectric plate, discharging sufficient energy acroea 
its contact terminala 68a, 70a will cause it to (no ve , and 
that can be used for actuating release of the tongue. 

10 However, auch piezoelectric plaLca can also be oaed 

as communications means for interchanging data between 
the lock and the key, when the key 10 is fully inserted 
in the cylinder 30, the piezoelectric plat^ 70 of the k«y 
and the piezoelectric plate 53 of the lock are both 

35 subjected to bending and are therefore niechanical ly 

coupled together. Such a structure then forms a coupled 
oscillator which has its own rescav3nt frequency that can 
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bfe iL^dd as a cocnmuni est ions carrier frequency, Tliiis 
frequency is stored, e.g. in the processor tneang of the 
lock, v^hich rneans can give the aiynal for starting data 
interchange in the form of a short period of excie.ation 
5 of said oeciliaf.or at said frequency r and the key can 

then yivfe this reference th^ Icgic value 0. Logic value 
1 can be conimunicat^d rrom tha key to the lock oi" victe 
versa under 8UcH circumstances m conventional inanner 
merely by changinof the phase or th^ frequency of the 
10 xeftirencG aignal, and n^tux-ally by doing so for a length 
of cime that is aufficicnt to enable the change to be 
df^tected. The coinmuni cat ions bandwidth corresponds to 
that of the mechanica"i coupling. 

A preferred eitibodinosnt of an electronic key of thQ 
15 invention is ahovn in Figure 9. Thi^ key is in the form 
of a box (the key body &0) containing a shank 82 that can 
hit extracted by ?^ny known tneans, v/iiether loanual {^-g- a 
serratf^d button) or automatic, and deaigned to be 
insr^rted in the houeing 3 8 of tha lock. The shank shown 
21) in a retracted poaition has an ej-iternal serrated profile 
B7b co-operating at least with one contact tip B4a of 

at least one piezoelectrir; elensent (the plate 84) having 
one end e?obedded in the box 60 and having itB opposite 
end free arjd movable under displacement of tb^ contact 
?f> tip a4a. in Che example Bhown, the extraccable shank 62 
has a syminetrical aei-rated profile on tv;o opposite faces 
and there are four piezoelectric eiementa, with each 
contact tip 8-4 serving to actuate two elements 
simulfcaneously. Naturally, this configuration ia given 
30 purely by way of illustration and depends eaaentially on 
the amount of electi^-ical enei^y that needs to be 
produced. By way of example, Figure 11 ohows a shank 
of cruciform section that excitea four piezoelectric 
elements QQn, QBb, B9c. and sftd. Haturaiiy, the k^y also 
is includes a circuit for converting the electric charge 
generated by the piezoelectric elements (the rectifiex 
and storage circuit 16 may include a capacitor of large 
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c.ap^l^^it.inc&. or a storage or r«chai-jeabl€ battery) and a 
microcontroller or microprocessor type controlling 
incegratert circuit iii that, is powered directly by the 
rirc:uit 15 to which it is conner.ti^d. The processor 
5 circuit 18, Which mgy include the cotnmunicationa 

interface circuit 20, is connected to the plexot^lfectric: 
elstnfent 70 mounted ^n the shank a2 and dfesigned to co- 
operate with a correBponding piezoelectric eiecnent of the 
ioctt {element referenced 66 in Figure 8> for the purpoae 
10 of interchanging identity codes. 

Figure 10 shows h variant embodiment of the key of 
Figure 9 in which the ahank 82 i= shown in its deployed 
or "eecond" position. In this variant, the 
cocmunications link for interchanging codsa takes place 
via at leaet one contact area 92b of the ahank 82 
(advantageously one area per face so that the key can be 
inserted either vay round) ^hich Area is also used for 
transferring the power required for the lock and tak^n 
from the output of the rectifier and Btorage circuit 16 
(such a contact area is alao present in the variant of 
Figure lU • Th* other elements of the key are identical 
to Lho9& mentioned above with ref«r«nL-e to Figure a and 
are rot described again. 

It ia important co observe that the various 
Gtnbodimencs shown are not limiting in any way and that, 
for example, it ia possible for the shank of tne key 82 
to have not only at least one contact area 82,b for 
powering the lock from the key, but alao a piezoelectric 
element foi.- intBtchangir.g data, m these embodimenCB, it 
will also be observed that power generation in the key 
now comes from the ahank being extracted from its box (or 
being retracted into the box), whether manually or 
automatically Ub opposed to by th. ahank being inserted 
intn the lock) , thereby exciting the piezoelectric 
element 04 of the key and causing energy to 'oe 
accumulated in the corresponding storage means 16. 
Thereafter thi:. energy i. u^ed for powering the processor 
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rreans 13, ^0 Trianaging coitimunicaLioiia between the ksy and 
the. iocJc, i:ind in a variant for trans ferriTig stiff icxfeiit 
energy CO the lock to enable it to be powerad. 

Pigure 12 ahows in highly diagrammatic manner a ■loc^k 
cyiindBx- intendeii more particularly £or receiving an 
electronic key of the kind described above with reference 
to Figure 10. in |^his cylinder configuration, the pow«i 
generator means 42, 44 can be no more than contact areas 
42a and 4i4a deBigned to co-operate v/ith the contact area 
32C of the key ^nd via which there paases not only the 
energy required for powering th^ lock, bat also the data 
T-equired for checking ths identity codes. The electronic 
processor circuit si, which advantsgeciusly cornprises a 
mi cropra cesser and a memory, Hervea to manage these codea 
and, if they match, to release the control ™..anfl wl^ich in 
turn release the cylinder. 

Figure 13 shows in highly diagrammatic and 
functional manner a second utrtoodiinent of the power 
Pienerator meane of the lock and of the key in the form of 
magnetic eletnents. 

in this embodiment, the power generator ineans of the 
lock 42, 44 is constituted merely by a plurality of 
identical coils, e.g. 90, 92, 94., and 96 conventionally 
t:onnccted in a ring and mounted in a tube of high 
magnetic permeability, e.g. having a 9"£t iron case 96, 
and alsa serving to provide magnetic separation between 
the coils, the first two coils 90 and 92 being wound in 
one direction (repregented b^' crosses) while the two 
immediately following coils 94 and 9S are wound in the 
opposite direction (with each of their windings being 
represented by a dot in a circle). A first electrical 
contact 100 for providing the power link is taken between 
a first link point between the first and fourth coil a 90 
t 96 and a second link point ia taken between the second 
and third coils 32 L 94; and a second electrical contact 
102 is taken to provide the communications link fiotn a 
third link point between the first and second coils 90 £ 
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92 and from a fourth link point between the third and 
fourth coils 9'1 U 95, Ttie coila 30 , 32, and 9C are 

designed to ca-oparate with a magnetic core outside th$ 
cylinder bo aa to form a magnetic circuit whose msga^t^c 
S Elux is reversed cyclical ]y, th«?reby making it possiiDlc 
to induce aiternating current at the electrical contacts 
100 and 102, in similar manner to the above -deecri bed 
piezoelectric structure, it caii be aetn that this 
aiagnetic stx-ucture is likewise reversible and that 
10 causing electricitY to flow in the coil h^' meane of the 
electrical contact terminals will gsnei'ate magnetic flux 
that can be used- for L-tile^sii^g a tongue- locking ele?nent , 
thereby causing the lock to be released. 

The power generator meane 14 of the key is identical 
15 in structure, in particular with r^apoct to size, having 
Ccjur coila 110, 112, 114, and llu likewise connected in a 
ring and mounted in a aott iron case 113 (the body of the 
key) and JSimilarly having Tu^gn^tic HRparatox walla 
between the coils whoa© u-indinc; directions and 
20 connections are similar to those deecribec above. First 
and second eUctrical cont-.acjta 120 and 121 are similarly 
provided for the power link and the conrniuni cat ions link- 
Nevertheless, the means of the k^y fxxrther include, at 
one nnd of the ahank 124 of said ksyr four bipolar 
25 annular magnets liO, 13^, 134, and 136 placed side by 

side and separated by waahera 138, 1-10, 142 r and 144 o£ 
Roft iron forming magnetic depai*ation walla, with the 
polarities ot the magnets being chosen so that two 
adjacent magnet p repe] each other (the north/south axes 
30 Of these magneta being parallel to the axia of the ahank 
124) . The annular magnets are of a size that accurately 
matcheB the aiza of the ssurx-oundin^ caaea 39, 113 that 
the separation walls between tne magnets coincide exactly 

with the separation walls hetv;e€=n the coil a o£ the C3BeS, 

liij c-hus providing four closed magnetic boxes each containing 
ona inagnEt and one coil, as it v;5»r* . The magnets and the 
washers are mounted on the shank 124 by means of a 
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threaded rod .146, for e:-Larr.pler secured to the shank and 
on which tht magnets and the v/ashere are scre^^^^ed. 
FurtherfocrQ, an addiiLionai soft ix'on washer 148 is 
mounted at the other end at tho shank 124 at a distance 
b froTU the n-saireBt washer 144 r v/hich distance is deeign^ci 
«o that when the k.ey 10 is fully inaez't^td in the cylinder 
30 of the lock (and v.hua complete magnetic coupling is 
achie''/^d) , ^3aid additional v/asher vhich also forme a 
maynetic separation v;ail. coincides ex^ictly with the 

10 outer separation wail of the caac lia of the key so as to 
close th^? magnetic Circuit completely, thereby- preventing 
any fraudulient electroniaqnet ic action being taken ant2 
generating very powerful induced currents . Conventional 
Bhank ejection means, symbolized merely by a ispring 150, 

15 Hiiable the magnets of the sheath- forming piece ol thfe k&v 
in v/hich they are initially enclosed {in their rest 
poeition) to b6i released before they are inserted into 
t}it? cylinder {In the v/orking poeition) level with the 
soft iron case of tVie lock 9B (and its coils 90 to 96) 

20 with which they constitute a magnetic circuit. 

Once cloBed in thip way, the [nayoetic circuit 
const ituted by the coila of the key, the coils of the 
cylinder, and the ma9neti2ed shank of the key forms a 
lossless coupled tran& former having its own resonant 

25 frequency. Codes cian then be interchanged by inductive 
coupling at high frequency without making use of any 
direct electx-ical contaci:^ by usj.ng conventional pliase or 
frequency modulation. 

Tigures 14 and 15 ahow an errtbodiment of a dual 

JO cylinder 3 0 designed to receive an electronic key 10 

provided with piezoelectric pov/er generator raeans . The 
cylinder conventionally compriBep a rotor element 300 
aecuved to the tongue 36 and surrounded by a atator 
eleitient 30 2, The housings 3 8 fo-r r?*ceiving the key 10 

3 5 and in which the key- expel ling piston 54 can elide paes 
right through the rotor eiement. 
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The rotor element 30 0 has a cavity ^oe toz i-ecsiviny 
a piesoelectrir E.l^«.enc formed b^' a single pl^te 2 08 
paBsinq loaqicudinall/ through th« cylii^der iO over 
«ub^^:auLiany .ts entire length ^nd secured in its center 
ilO CO saict rotox element, The birrorpti ttiue conatU...t.«d 
by an up^tr^^ito portion 208a and a downntream portion 308b 
joined by a neutral central =one U-C. a zone that is 
inactive Crom the piezoelectric point of view) , hae at 
earh .=£ its ends firstly a contact tip 312, 314 which 
paa^es in a rest position (i.e. whan not excited) through 
a correBponding opening J 16, 319 leading to the cavity 
306 of th« hauling 3B perpendicularly to the longitudinal 
axiB of the cylinder, and secondly ^ blocking elenr-enn 
forming a trihedral pin J20, 322 which, in the above- 
specitied i-eet po3ition, secures the rotor eleTnent 300 to 
the atator element 302 by being ineevted in opening 
324, 326 of the Btator element, i»nd thus prevents any 
rotation o£ the tongue. Optionally, bending o£ the 
upstream or downstream portion of thf, piezoelectric plate 
30B when the key 10 is in««.t«d into the housing 3B can 
take plPca ^gainat resilient means, e.g. a spring 328, 
330. plao<>d at each £ree end of the pl-^te 305 against ite 
faca opposite to ite fac« receiving the contact tips 3i2. 
ZlA. naturally, each of the upstream and downecream 
portions of the piezoelectric plate 308 has ita own 
electrical cont^ct^ <noL ^hown) which are connected to 
the electronic means of the cylinder represented 
diagrarrmatically by reference 332 ^nd advantageously 

located in the tonguB 

m the ^.xamplo shown in figure 10, the key also has 
a piezoelectric plate 334 which ifl embedded at on« o£ ita 
«ndB In Lhe body 3 36 of the key and which has a apace 
carrying a serrated profile 338, v/hiie ita other face ia 
£rP^, Buch that said plat«! 334 is subjected to 
3i reciprocating pivoting motion about its anchor point aP a 
r-eult of pre^3ure frc^ the contact tip 312. 314 running 
along Che serrated protile 338 while the key is being 
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inserted into the cylxnd<2r. Li^ce tne plate 306 of the 
cylinder, the place 334 on the key has electrical 
contacts 34 0 connectedl to the electronic meana 342 o£ the 
key, 

5 The operatiaxi of the locking system made in thig way 

is very simple. When the key 10 ia inaertfed into the 
housing 3 8 of the dual cylinder 20, the successive 
bending o£ the place 334 of the Key and of the front 
plate 2 0Ba of the cylinder will cause energy to 
10 accumulace in the rectlfiex- and atoarage means 332, 342 

both in the key and in th^ lock: (Figures ir 2; 6 and 7). 

■Dnc-a th^ kay is fully inserted, the upstream 
blocking element 3 20 ie releasers and the cumulated 
energy is at a maximum. The piezoelectric plates then 
IF5 form a couplad oscillator through which identity codes 

can be interchanged betv.'een the pxoceasor: m^ana 332, 342. 
if the codes match, th« ^jccumalaced energy can be 
connected vi^ the contacts of the downstream plate 3 08b 
which, under the effect of said enei-gy, will bend and 
2 0 thuB release thti downstream blocking element 3 32 for a 
dhort instant of time, and it is* only during th\9 short 
instant of time that it ia posHible to rotate the toncjuc 
that ha© been reltsased in this way. Naturally, various 
me^ina (not shown) are provided to ensure that the key is 
26 not v;ithdrav;n until it has performed one coirplete turn 

(6,-9, a device known a "captive hook"). It vjill also 
be observed cliat the key-expelling means wliich is pushed 
back v;hile the key 10 being inserted HRirves to yuarant^e 
t-.hat the lock ia actuated by one key, and by one key 
30 only. 

Figures 16 and 17 show another embodirr.ent of a 
cylind€:r 3 0 and a key 10 also provided i^ith piezoelectric 
pov;er generator means. As before this cylinder has a 
i-otor «l^[ii6nt 4 00 secured to the tongue 36 and surrounded 
35 by a stator element 40^, The rotor alem^nt haa the 

housings 3y for receiving the itey 10 and in which the 



^ey- expel ling piston 404 can also wlidfe pai^sing righc 
through. 

WharKiisi la the eTiibodifnent of the cylinder 9hown in 
Figures 14 and 15, the pi*ixo«liiOt:ric elenvsnt is 
constituted by a ainglo piezoelectric plate having ^ 
neutx-al cs^nural zone, in chie new embodiment, the piezo- 
electric ele^^ent is constituted by two distinct piezo- 
electric plateB 406*^, 40B disposed in tv/o cavitiea 40?r 
^10 of the rotor eleinent 400, each sNtending 
Hubscantially over the entLve length of the cylinder. 
Since the enei-^y g^eneratod by a piezoelectric e'iement 
proportional to its QimeneionB. will readily he 
understood that thie etrvjcture advantageous since it 
enables the same key to rtcover substantially tAi^ice ae 
much energy *a in the preceding case. Each plate 4 0€, 
4 08 ia embedded at one of its ends in the rotor elemant, 
with its other end having two opposite contact tips 412, 
414; ^^Sr 41B which, m a rest position {i,e, the 
absence of excitation) , open out into opposite sides of 
the housing ^fi and also a biociciug element Corming a 
trihedal pir> 420, 422 which, in the above-specified reat 
position, secures the rotor fllenxjnt 400 to the stator 
element 402 and i« inserted in an opening 4 24. 426 of the 
atatorr element . The bending of one or the otH^r of the 
pie2oelectric plates 406. 408 on in^jertion of the key 10 
in the housing .^3 can optionally be performed against 
reailient means, e.g. a spring 126. 430. placed at each 
of the free ends of the pliite 4D6, 40B, on its face 
oppoBite from its face supporting the blocking nieans 4 20, 
422. in addition, each ot the pier.celectric plates haa 
electrical contacts (not shown) vhich are connected to 
the electronic means of the cylinder (not shown) . 

The key !•:> more particularly intended for co- 
operating -^ith the type of cylinder described abcrve is 
shown in Figure 06, Thi3 key alao has a piezoelectric 
plate 434 with a serrated profile 43e (v/hich profile can 
be made simply, for e^^aitiple, by covering the plate in 
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profiled refsin) and has one of its ends erril^edded in the 
body 4^(5 of Che key so that when the key inserted m 
the cylinder, th^ pi-egaur^ of th^^ opposing contact tips 
412. 414; 416, ^IB along the serrated protile 438 caueeFs 
Haid plate ^'Sk to perform rec:iprocat dng pivotiny m:)f.ion 
about its anchor point. It •vill obaQr^'fid that in 
order to protect: the piezoelectric plate as \veil &3 
poasiblc from any external contact other than that v^hicb 
it maKies v;ith the contact tipe. the plate is 
advantageoualy accessible only via lateral grooves m the 
key- Like the pletes 4 06 and 4 00 of. the cylinder, the 
plate 434 of the key haP el^?ctrical eont^kcta ^40 
connected to the varioua electrortic rreans of the key 
yiven a single reference 442. 
lb This variant embodiment operates in identical manner 

to the preceding etobodinient . XL ahould merely l>e 
obaervQd that in this new variant, when the codes match . 
the energy accumulated while the key is being inserted ia 
now d^acharged via the aecond plate 403 and not a:3 before 
20 via the second portion of the sole plate 3 03b. In this 
case also, the discharge aei-vea to release the second 
blocking tneana 422, with tbo fir:5t blocking means 420 
naturally being releasjed by insertion of the key. 

Pigares 13 to 20 &how an embodiiTtent of a cylinder ^0 
25 and ^ key iO in v^hich the power generator means ar<> 

iirple^ented m magnetic form. This cylinder, as shown in 
TSgure la, i& conatifcuted eaBentially by a atator element 
502 surrounding a rotor element 50O which in this 
embodiinent i* constituted by no Tnore than a single rotary 
tongue 36 whose various component parts are described in 
detail with refererice to Figures Ida and 19b. The stator 
«lerT>ent 505 ba& two ainiilar modulea 506 and 503 each 
received at the inlet of the cylinder 30 and I'iaving 
houEings 33 passing therethrough to receive the key 10.. 
and in" which it is also possible for a key-exp&lling 
piaton 504 to alide whose 3truct\^T:e ^s described in 
greater detail with reference to Figures 20a and 20b. 
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Each module 506 r SOB- 3 3 C':>nat ituted aimply toy a soft iron 
tube 510 r 512 pi-o\'-idtid wiLh a plural ic*/ of washers 
liki^wiae nuadfi of soft iron anci regularly spaced apart so 
ae to separate tour coiIr 51B, and S20; 524, 

5 S26, 523, iind 53 0 diapos^d In the tube around Che housing 
38. The u'indings of these coils and their 
interconnections are mad« dtaaci-ibed above (see Fi<furii 
3 3) and their linka^ with the various electronic means 46 
to 64 are likewise as described at<r/e (see Figure 2) . 

10 An embodiment ot the key for co- ope rating with the 

Lyp& o£ cylinder havinq maqnctic compori<>nt3 is also shown 
in figure IB. The k.ey has a rroving inagnet ized shank 532 
(movable under drive from dieplaoeTnent mean^ 
compi-iaing a soft iron body provided with four bipolar 

1Z annular magnets 536. S3fi. 540, and 542. and terming a 
magnetic core tor four coils 5^4, 546, 543^ and 550, 

Thti tongu€3 25 which id ghowa in griaater detail in 
Kigure 19a (Figure 19b being an end viev/ of Figure 19a> 
CompvleeJ? a conventional F^xt.evnal str\]rtuL-e v/itVi a 

2 0 cylindrical body 560 from which a fin 5 62 pro]ect9 
radially. The fin has an orifice 554 passing 
therethrough in which there is placed a centering device 

fi.g. forrtifed by a ball -and -spring aiiseinbly 56a, 57 
and 572 suitable for co-operating with cooiplementary 

25 cavities 574 and 5 76 forcned in register therewith in the 
stator element SOS, 'i'he body b^O is also pierced by an 
opening 576 for receiving tv^o hollow annular pieces ot 
soft iron 530 arid 5S2 placed ont? againgt the other whilf! 
leaving an empty disk-shaped space 5B4 fc-etween thefm. Hi^ 

30 inside wails 566 and 568 of these annular pieces in 

contact with thia empty apace alao include reapective 
slots 590 and which, in a tongue- release poaicion, 
r-aceive a alight ly Toagnetized rotary blocking blade 
carried by the key- expelling piston 504. 

3S The piston is described belov with r^Jf^r'^nce tc 

Figures 20a and 20b v/hich show a face view and a profile 
ViQw. It compriaea a body 6 DO that fits in t:he houeingp 
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3 6 in which it slideg and thiiL ia provided with a central 
core '502 q£ ?gft iron with the slightly magnetized rotary 
hladea 603, 610 being pi vocally mounted about respect iv*? 
axes 604^ b06, each blade having a portion extending 
beyond the central cor« 6D2 -cind in line therewith (in the 
TBSit position) . 

The assenibly ia covf^r^d in 9 non -magnetic mattirial 
3uch as brasH or resin 612 (except for the blade 608 or 
SID which rrnist be free to pivot about its respective axis 
^04, 606). TiA-o soft iron cnechanical interfaces t^l4 and 
616 are placed at r^epective ctndg of the piston, thereby 
conypleting the structure thereof, these disks being 
adapted to receive exactly the m^c^h^nical interface meanu 
12 o^" the key (for example, a blade /slot system could be 
entirely suitable for providing such a rotary drive 
link} . 

The opei-atiort of this embodiment of the invention is 
deaeribod below with reference to Figures 21 to 23. 

Figures 21a and Jib ehow the magnetic flux 
distribution in the -coila of the cylinder 30 as a 
function of two different and successive positions of the 
key 10, It can be aeen that shifting the key by one 
serration reverses the flux perceived by eaoh coil 
because of the opposite polaritier^ carried by pairs of 
adjacent Ttiagneta, which polarities dettfi*rnine the 
direction of the flux. Fully insert irig the key will 
therefore generate four alternationa of alternating 
current cf amplitude that increaa&a from altfex*n£At ion to 
alternation, with rectification thereof being performed 
by the rectification and gtoi"age means, A similar 
prooeaa takes place in the key vhen the magnetised shank 
is ejected from ita aheath either prior to the key being 
inserted ad shown in Figureti 3 and 10 that relate to a 
piezoeleccrio version of the key, or at die momerit of 
insertion, thex-eby tinabliny the key to ha-v-e a^lf- 
contained power supply and communication. 
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V*'hen the key is fully inserced in the cylinder of 
the lock (Pigare IC) , a closed magnetic circuit is 
eBtabliehed including ^ contribuf.ian EroTn the Htnjctiir*^ 
on CAe key, as shown in Figure 22, with Trua9netic flux 
5 travelling through the coi.le of the Key and ot the loclc 
and looping via the maonetiiLSd shank. In thia 
configuration, the assenibly forms a perfect coupled 
transformer v;hose resonant frequency can be selecte<i as a 
csrT-i.«r frequency fr-r comrnuaicat ion b^5tw<5en the pr oce 3 sor 
ID means of the key and the lock previously powered by the 
rectifier anci storage means (a communications link by 
trt^r^ insertion ian ^lao be enviScagfed) . After cod^s hav^ 
been interchangeo, and assuming they rnatch, thQ energy 
accumulated durixig insertion of the key ie discharged via 
15 th« electrical ^-onti^ct:^ of Lh^ He<:oni3 m^idule, thereby 
generating an intense magnetic field that causes the 
rotary blade 610 of the key-expelling piston 504 to pi^-ot 
(to take up a stable vertical poaition) , ^nd thvie, by 
becoming inserted in the slots of the tongue secures it 
20 to the piston, thereby enabDing the aesembly to be driven 
by the shank of the key (bocaugc of the mechanical 
interface meane 12). After a Bhorc deteraiined period or 
wht^n the key in extracted, the lock i.P again prevented 
from operating, with the maqneLi'-^ed rotary blade 
2S returning to its initial horizontal position. 

It will ha observed that the inventioTi, both in its 
magnetic version and in its piezoelectric versions makea 
it poaflible to provide a locking eystern that is 
particularly optimiz^rd in that the. power generator means 
30 of the lock associated with the power generator means of 
the key suffice to perform the thret- eBsential functions 
of the By stem: the function of power generation is 
performed by a mechano-electricai connection of a 
deformation (piezoelectric version) or o£ a diapiaceTnent 
3;> (iT^agnetic veraion) causing electrical charge to be stored 
in storage means, the conimunicationa function is 
implemented by hif^h frequency coupling betweeri the means 
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of thru lock and oE the Icev. and the actuator* function, 
given the reverBibility of th« means uaed^ is :Lnnpl(5mc:nL*2d 
by electroTnech^nical convergion of the previously scored 
electrical charge into a deformation or a dieplaceTT^nt - 
b Naturally, the tuUy tpptimizeri vitrsion ot the 

invention can al^o bfe implemented in a mere limited 
configuration r in particular by providing for data to be 
cocrtmunicated between the ]oc)c and the key or energy to be 
traTiur«rr^d from Lht5 kQv 3olQly by means of a direct 
10 electrical contact, e.g, as ahown in Figure 10- 
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CLAIMS 

1/ An electronic key comprisinq, irounted in a key body, a 
key shank for i.ngertion into a corrtsponding housing ot a 
lock cylinder for the. p.urpose ot unlockiTig it, the 

5 cylinder having a ptator portion and a voter portion 

secured to a Lonquo, and including first mechanical means 
and first electronic means, and the key including second 
mechanical means a* second electronic meane tor co- 
operating witVi the c:orr69pQnding first tneana of the 
10 cylinder when the key is fully inserted in the cylinder 
and for causing the lock to be unlocked when an identity 
code of the key and 5 corrcspondir^g ' cod6 of t!ie lock 
,a^tch, the key being characterized in that the electronic 
means of the key (16, 18, 20> ace powered frooi self- 

15 contain.?d pcwei- generator m^ana (14) actuated merely by 
displacing the key shank (B2; 124) in the body of the key 
(BO; 118) . 

7/ An ^ilectronic key accordinq to claim i, charactari-^sd 
20 in that said power genersroc means is connected via a 
link to a recti fie-v and Btorage means (16) «hich 
gfenerates a DC power supply voltaqe from AC signals 
delivered by the power generator means (1^), said 
rectifi^ and storage means (16) itaelf being connected 
25 to proceaaor means <1S) which, via a corrniuciicatioaa link 
connecting it to the power generator means (14) , serves 
to interchange the data required for unlocking the 
cylinder. 

30 3/ An electronic key according to claim 2, characterized 
in that the power link and Chfe comrr.unieationa link 
constitute a single link at the power generator means 
(14), and in that the second electronic means then 
include multiplexer/de^^ulc.ipieAer means (561 for 

3L connecting t)ie power generator means (14) both to the 
rectifier and storage means (1*5) and to the processor 
means (IS) . 



02257935clm.atp Page 2 



Page 1 of 2 




32 

4/ An electronic key according to claiin 2 or claim 3, 
characterized in that ttie decond electronic means further 
incliiciH canununicaciong interface means (20) disposed 
5 between the procesr;or means (14) and the power generator 
nieane (14) for matching and filteriny the signals 
<]eliver«5d at thu output of the processor means. 
% 

5/ An electronic key according ta cl^iini 2 or clstim 3, 
10 characterised in that. Lh6 r^dctifier and storage mGAna 

(16) is also connected to the power generator means (14) 
so as also .to power the cylindler of the lock when the key 
ie ineerted in the lork. 

lb 6/ An electronic key according to any one of claims 1 to 
5, characterised in that the power generator means (14) 
int-'ludfe at iG^ast one piezoelectric element (10; 34) 
designed co generate electric charge from eucceesive 
bending movements generated b-y the displacement of the 

20 shank of Lh6 key (B2) . 

7/ An electronic key according to cl^im S, character^ zed 
in that said at least one piezoelectric element ia 
constituted by a single piezoelectric plate {70; 23, 434; 
25 84) embedded at one of ita two ends in the body of the 

key {10 ; 335 f 436; 30^ . 

a/ An el&ctronic key according to claim 7, characterized 
in that said piezoelectric plate has a serrated profile 
^0 {70b; 338 r 436) designed to co-operate with at least one 
contact tip (eab; 312, 314; 412, 414) of a piezoelectric 
eienvenc of the cylinder (iS8) while the key i3 being 
i.neerted into the cylinder, 

35 9/ An fjlecti'nnic key according to claim 7, characterized 
in that the end of said piezoelectric plate that is left 
free ha^ ^ contact tip (et-la) deeigned to co-operate with 
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a Hfcsrrated profile (a2a) of the key shank. (42/ dxiring 
ej^LractiorA/'ret uacticn of the Bhank out tro:n cr into the 
body of Che key. 

5 10/ Ai\ sl^iDtronic key accordins to claim char&ct^T'i -^d 
In chat Che key ehank (B2) alao hiis an additional piezo- 
electric ^ItimiGnt (70) connectetS to the processor Tneane 
(16) and designed t% interchange data between the kf-y and 
the cylinder of the lock .:9ftEr the key shanJc haa been 
10 inserted in the cylinder. 

11/ An electronic key according to c^^aiTn 9, characteri:^.^!^ 
in that tb^ k^y p^hank 162) further includes at least one 
contact area connected to the proceseor ineans (18) 

lb and designed to interchange data between the k^t-y ^nd th^ 
cylinder of the lock nftt^r the y.^y ahank has been 
inserted ir^ thfe cylinder. 

12/ An electronic key according to claim lij 
2Q c>iiiractsri2.ed m chat said at least one contact area is 

also connected to the output of the rectifier and storage 
jneang a6) to enable thti cylinder to be powered frotn ti^e 
lock after the key shank has been inserted in the 
cylinder. 

2S 

13/ An electronic Viey according to claim 11 or claim 12 r ■ 
c)iaraccerized in that said key shank is of cruciform 
phape {B6} , 

30 H/ An electronic key according to claim 1 or claim 2, 

characterized in th^^t said power generator ineans comprise 
firstly a magnetized shank (124) constituting a magnetic 
core, and secondly a plurality of coila (110, 112, 11^. 
lis) connected in a ring^ and separated by walla (133, 

35 140, 142, 144} oi material having high magnetic 

permeability. ancJ contained in a body (119) v^hich is 
itaelC made of a tnaterial having high rr.agnetic 
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permeability and farming a sheath for said magnetized 
Hhank, an ^aj^icciion system, e.g. using a spring (ISOr 
being provided to extract/ retract paid g)iank: fxom and 
into it3 sheath - 



15/ An electronic key according to claim 14, 
chavactei-ir-ed in hhat aaid magn^Lized shank hafl a 
plurality of iiipolJr annular magnets Cl30, 132, 134^ 12-6) 
that are regularly separated by walls (13 8, 140, 142. 

no 144) of material having high magnetic permeability, the 
diHtsncea bet'/^Gen aaid wails iDeing cleterniined in such a 
manner as to correspond exactly firstly with the 
dl f fer-fDceg between the corresponding walls of tha 
i:^h«aLh- forming toody Ul5) oX the key (10), and secondly 

I'i with the walls of said tufae (?8) of the cylinder (30), 

16/ An electronic ke/ according to claim 15, 
characterized in that said bipolar annular magneta have 
polarities that are determined in auch i manner that two 
2 0 ad:iaGent luagnets repel each other. v;ith the north/ south 
axes ot the magnets being parallel to the longitudinal 
axis of the ehank (124). 

17/ An electronic Key according to claim 14, 
25 characterixed in that said rTja<jnetized »hank furthei: 

includes a wall (14&) of noaterial having high magnetic 
permeability, euch a9 Roft iron, and for the purpose, on 
aaid wall coming into contact with an external ntac^netic 
separation ^/all of the sheath- forming body (116) oE the 
30 key, of clos^ing the magnetic circuit v/hen the key (10) is 
fully inserted into the cylinder [iJf) . 



13/ At! electronic key according to claim 14, 
characterized in that there are four of aaid coils. v;ith 
35 the v/inding directions of two adjacent coila of aaid four 
coila being opposite to the winding direction of the 
other two coils. 
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19/ AH electronic key according to clairo IB, 
cii*racxerised in th^f. aaid fo^:r coils have two distinct 
electrical contact terminals (120. 122) via which there 
ar« r^apecLively provided the poi.er link £or powering U>« 
5 second electronic means o£ the k«>', and the 

comtnunications link Cor incerchanging data with the 
cylinder of Lhti lock. 

20/ An electronic lot-'Jiing system including a lock and an 
10 electronic V.ey according to any one ot claime 1 to 4, the 
lock being characterized in that the cylinder (30) 
thereof hfis at l«^«t ono povcr ^^cnerator nieans (42, 44) 
that id actuated during or at the end of insertion of the 
key so as to power the first electronic means of the 
lb cylinder {46-6-1 r 51). 

21/ An electronic locking pyetem according to claim 20. 
cb^ractevi^ed in that aaid pow^^r 9«»«rator means also 
aerve to provide coupling between the key and the 
■20 cylinder of the lock, to enable data, in particular 

identity ccde^, to b« interchanged between the cylinder 
and the k»Y after tl^e sJ^ank of the key has been inserted 
in the cylinder. 

25 22/ An electronic locking system according to claim 20 

and claim 21. character^ r,ed in that Priid power gener.5tor 
mearia aldo makes it poflsible to cause an element: for 
blocking the tongue (3 6) to be displaced so as to unlock 
the lock. 

23/ An electronic locking Bysrem according to claim 22, 
characterized i:> that t.aid po^er c^«n«:cat.or o^eanH is 
connected via a power link to rectifier and storage ceans 
(46, 46) which generate a DC pcwer supply voltage from 
35 alternating signals delivered by the power generator 

TT>Pan8 (12, 44), Paid rectifier and .storage oieane iteeit 
toeing connected to processor irt^:ans (50, 53) 'which, Vxa a 



30 
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coinmunicacions linJc connecting it to the pow^^r gonerator 
means (42, 44), selves to interchange da-ta required for 
unlocking the cylinder of the loc)c, said processor means 
a3ao Herviiiy to driv<:: control means (5-8, 60) which 
5 deliver a control puis-e to the power ytjneratior means (42 ^ 
44) via the cacriKtunxcat ions link, said pulse being of 
determined duration that is eutficient to relfiae« the 
element tor blockii^ the tongue <36) , therfeby unlocking 
the lock, 

10 

24/ An electronic loc)<:ing ayRtem accQi'ddng to claim 23, 
characterized in that th^ first electronic means of the 
cylinder further include switching TTieanB {<S2, 64) 
enabling the pov/er generator meana , 44) to be 
15 connected vi.a itu commurtic^t xon^ link both to the 

pirocsiaisor tneians (50, 52) and to the control me^ins (5 8i 
60) . 

2 5/ An electronic locKijiq ayatem including a lock and an 
20 electronic key according to any one of claisns 6 to 8, 

characterized in that aaid power generator means of the 
cylinder of the lock comprises at least one piezoelectric 
element (66) having electrical contact terminals {6Ba] 
v/ith ^uccepeiv^ bending inoveioeiita thereof during 
2Fi insertion of the Key (10) generating electric charge at 
the contact terminaiB thereof, 

26/ An electronic locking system according to claim 2Sr 
characterized in that said piezoelectric element ie 
30 constituted by a single piozoelGCtric plate (6B; 406, 

^OB) embedded at one of itE tv.'o ends in the rotor portion 
of the cylinder 14 00). 

27/ An electronic locking eypteni according to claicn 2S , 
35 characterized in that said piezoelectric eletnent is 
constituted b\'' a bimorph (3I>3) whose centx^al portion 
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(310) ia tirnb<sddf^d ir, the rotor portion oi: the cylindfer 

23/ An electronic locking gyehfjTn aLrcordln^ to claim 26 or 
5 claim 27. cnaracteri ;:ed xji thac each £xee end ot the 
piezoelectL-ic tilfeincnc (48; 406, AOS) has at leaat 

one contact tip (6ab; 312, 3JL4; 412, 4^4, 416, ^lli) 
designed to co-operate with thfe ahanic of the and at 

least on^. blrickifig cleinant (320, 322; 420, 422) designt-d, 
10 in a rfest position, to prevent any -rotation of the tongue 
{36] relative to the atatcir portion ot the cylinder (302. 
^102) . 

29/ An electronic locking system including a locX and an 
lb electronic key accordinq to any one of clainiB 14 to 19. 

tha lock being cnaracterized in that said power generator 
means of zhe cylinder ie maunted ax'ound the housing (23) . 
at the inlet to the cylinder , and cocrtprirsee a tube {58} 
of high magnetic permeability material, auch as aoft 
20 iron, containing a plurality ot coils {90, 92, 94, 96) 
connected in a ring and separated by regularly apacEd 
walls of material having high magnetic p^rraeability, said 
coils being designet^ to co-operate firstly with a 
ma9netized shank (124) forming a magnetic cove and 
25 carried by the key dO), and secondly x'ith a key- 
expel 1 lag pieton f5a4l suitable for sliding in the 
housing (3B) and provided w:ith aaid elemente {60f?, 6lQ) 
for blocking the tongue (36) . 

30 iO/ An electronic locking ayratem according to claim 29, 
characteri7.ed in that thai-e axe four of said coils, with 
the winding direction o£ tv;o adjacent coile in said four 
coilB being opposite to the windin-g direction of the 
other t'^ coils< 

35 

31/ An electronic locking eyatem according to claim 30, 
chai-gcterized in that said four coila >vaive two distinct 
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33 



?.lfic:tric£il contAct r..eminalF3 102) via which Lherc 

are provided respectively a power link for powering the 
first electronic uieang, and a communicationB link tor 
interchanging d£ita and for actuating the blocking 
5 e lament. 



32/ An electronic locking system according to cl^itn 29, 
characterized in th%t said tongue comprases firstly a 
cylindrical b-ody (560) and secondly a fin (562) eyitending 
radially from said body, the body having an opening (573) 
for receiving txs^o hollow annular piecea (530, 532) inade 
ot a material ct hi'jh ff.agnctic p<irmeability and placed 
one ayainat the other v/hile leaving between theiu an einpty 
disk-sliaped space (584), the in^id^ dicnenaiona of aaid 
pieces corxesponding to the outside dinvsnsions of the 
houaing (35)^ and in that each inside wall (536. 5e8) ot 
the annular pieces i.n cnnt^rt with 3^id empty 9pac€> 
>nclMde9 a blocking alot b92) designed co receive 

said blocKing element (60S, 610), 



) 0 



15 



2'i 



30 



35 



33/ An electronic loc)cing system according to claim 32, 
characterized in that Raid fin includes centering means 

iSe^.]. e^g. toi-meri by a ball ixid ^^pr 1^9 aflSfe.T^ly (566, 

568, 570), dG9i9ned to co-operate with corresponding 
means of the stator portion of the cylinder. e,g, v^lth 

cavities C'-r: rr^ceivina th^ b^lls (574, 576) . 

3 4/ An electronic locking fjyRtem according to claim 23, 
char*^icLeri26d in that said )cey- expel ling piston has a 
central core i^SO'Z) ot material having high magnetic 
permeability, and st ^^ch of the two ends of wuich tht^re 
is mounted, abd-it a respective axis (^04. 606). said 
blocKiing element formed \ry a slightly magnet ir,ed rotary 
blade {60S, 610).. sai.j blocking blade being pivotable to 
come into one of ^^aid lockdog gtotP (5^0, 592) of the 
tongue (2^) wnen the power generator means (42, 44) is 
actuated- 
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35/ An electronic locking r-^yr-^i-.etrr according to claim 34, 
characterised in that said central core is covered in a 
iion '(Tiaqj^etic inaterial (iS12) and terminated at bath ^ndw 
5 by respective mechanica] iutfr;r£AC« el^fffeiita (Gl-i^ 616) 
dee.igned to ro-optiratG ;vith the mechanical interlace 
mt?an^ (12) of Che key {10} to transmit the rotary couple . 



tJ2257935dr\v afp Page 1 



Pa^e 1 otZ 





0:257Q35drw atp Page 2 



Page 1 




0225793 5dr\v.atp Page 3 



Paue 1 of 2 




FIG.5 



02:57935dr\v atp Page 4 



Page 1 of 2 



19! 



FIG.6a 



FIG.6b 



FIG.6C 



FIQ.6d 



FIQ.6e - 



FIG.7a 



FIQ.7b 



FIG.7C - 




5793 5dr\v afp Pa^e 5 



Page I of: 





0225 793 5drvv afp Page 6 



Page 1 of 2 




I 



02257935drw.afp Page 7 



Page I of 2 





330 

300 I 



308 



0225793 5dr\v atp Page 9 



Page I of 2 





%2o\ \ W8 \ 



U2U 30 fcIO 

FIG16 




0225 793 5dru atp Page 10 



Page I of 2 




500 548 546 544 514 516 518 520 S02 500 530 528 526 524 



16,1820 




'46,50,54.58,62' 



560 586 588 
578--^ ft 



36 ^8:5236,60,64 
560 

590,592 



_590_ 
560 



592 



582 



568 



FIG.19a^yw^iv,]7rAr5:)'^ \^ / 
' -572 564 



566 




FIG.19b 



610 



612 



FtG.20a 



K 1 

616 606 




14 



608 



602 600: 



604 



616 610 



7t 



ii FIG.20b 



602 



612 



608 



0225793 5drwatp Page II 



Page I ot 2 




(i 



4 



jii / 11 jl 



CA »iiS7'>js njm- 11-10 



f -jj 1 $ n|n s|s n jN s 



FlG.21a 



1~L 

j_r 



FIG.21b 



1^ 5|5 k|k S 



PICNIC-) 



1 
J 





3 

















iriJTTn 



FIG.22 















: 




FIQ.23 



V 



